In Xenopus, endodermal cell fate is determined gradually from late blastula to early gastrula stages; cell±cell interaction plays an important role in this process. Here we use a cell dissociation assay to show that extracellular signaling is required continuously before endoderm determination. Activin and Vg1, but not BMP2 or basic FGF, rescue the expression of endodermal markers in dissociated cells when provided at the mid-blastula transition (MBT, the time in which zygotic transcription begins). Removal of exogenously added activin or Vg1 before MBT results in reduction of endodermal gene expression in dissociated vegetal cells. In vivo, endogenous endodermal markers are reduced in vegetal explants when activin-like signaling is blocked with dominant negative receptors. VegT, a maternal transcription factor shown to be critical for endoderm speci®cation, relies on an active TGFb pathway to induce endoderm in animal caps. These results indicate that TGFb signaling may be activated by the maternally expressed VegT to participate in endoderm determination. In addition, VegT function seems to be required in parallel with the TGFb pathway, as overexpression of activin does not relieve endoderm repression by a dominant negative VegT mutant in vegetal cells. Our data suggest that maternal VegT ®rst activates a zygotic TGFb signal, then cooperates with this signal to determine the endodermal cell fate. q
Introduction
One of the earliest events in vertebrate embryogenesis is the partition of cells into three germ layers: ectoderm, mesoderm and endoderm. In Xenopus, the ectoderm develops from the animal region of early stage embryos and gives rise to the epidermis and the nervous system. The endoderm forms in the vegetal region of gastrula embryos and differentiates into the gastrointestinal tract and associated organs. The mesoderm, located between the ectoderm and the endoderm, contributes to many organs including notochord, muscle, kidney and blood along the dorsal-ventral axis. Speci®cation of the germ layers has been one of the central questions in developmental biology, and much work has been done on the issue of mesoderm induction (e.g. Klein and Melton, 1994; Harland and Gerhart, 1997; Heasman 1997) .
Like the mesoderm, the endoderm is determined at early developmental stages. Single cell transplantation experiments show that vegetal cells are not committed to form endoderm until early gastrula stages. When taken at an earlier stage and introduced to a host embryo of the blastula stage, the vegetal cells can contribute to derivatives of all germ layers (Heasman et al., 1984; Wylie et al., 1987) . The process of gradual endoderm determination and the molecular determinants underlying the process are not well understood. In contrast to mesoderm induction in Xenopus, the lack of early endodermal markers has, until recently, deterred studies on endoderm speci®cation. Recent identi®-cation of several vegetal cell-speci®c transcription factors in early gastrula embryos has greatly facilitated the work on endoderm determination.
Among the vegetally localized transcription factors, one T-box containing protein, VegT (also named Xombi, Brat and Antipodean, Zhang and King, 1996; Lustig et al., 1996; Stennard et al., 1996; Horb and Thomsen, 1997) , is expressed maternally. Overexpression of VegT in ectodermal explants (animal caps) generates endoderm in a dosedependent manner (Horb and Thomsen, 1997) . Elimination of maternal VegT transcripts in oocytes using antisense oligonucleotide-mediated knockout strategies prevents endoderm development (Zhang et al., 1998) . Maternally expressed VegT therefore plays a pivotal role in early endo-dermal speci®cation (Kimelman and Grif®n, 1998) . Other transcription factors, such as Sox17, Mix1 and Mixer are expressed zygotically (Rosa, 1989; Hudson et al., 1997; Henry and Melton, 1998) . By early gastrula stages, the transcripts of all three genes are localized in vegetal cells in overlapping and distinct regions. Overexpression of these genes in animal caps activates endodermal markers (in the case of Mix1, the Wnt activated gene siamois is also required), and dominant negative mutants of these genes block endogenous endoderm formation (Hudson et al., 1997; Lemaire et al., 1998; Henry and Melton, 1998) . Thus Sox17, Mix1 and Mixer not only are good early endodermal markers, but also seem to regulate endodermal cell fate determination directly.
In addition to transcription factors, secreted signals are also postulated to be involved in endoderm development. TGFb signaling has been shown to be required for expression of a subset of endodermal markers (Henry et al., 1996) . Vegetal caps taken from blastula stage embryos express regional markers along the anterior-posterior axis autonomously, such as the anterior endodermal (AE) markers Xhex (Newman et al., 1997) and Cerberus (Bouwmeester et al., 1996) at gastrula stages, and Xlhbox8, a marker of pancreas (Wright et al., 1988; Gamer and Wright, 1995) and IFABP, intestinal fatty acid binding protein, at tailbud stages (Henry et al., 1996; Zorn et al., 1999) . A dominant negative truncated type II activin receptor, which blocks TGFb signaling, suppresses the early expression of the AE markers and the late expression of Xlhbox8, but not the more posterior marker, IFABP (Henry et al., 1996; Zorn et al., 1999) . These data suggest that the TGFb pathway might be involved in endodermal patterning. It is unclear, however, whether TGFb signaling is also required for early endoderm speci®cation. In addition, FGF signaling may also play a role in endoderm development: FGF-dependent MAP kinase activity is found to be high in vegetal cells of early stage embryos, making FGF a likely candidate as a regulator of endodermal cell fate (LaBonne and Whitman, 1997) .
Despite recent advances in understanding endoderm speci®cation, it is still unclear how maternally expressed VegT interacts with the extracellular signaling pathways in the stepwise determination of endoderm cells. In this study, we address the role of maternal and zygotic secreted signals in early endodermal speci®cation, and identity of the molecular nature of these signals. We ®nd that activin/Vg1-like TGFb signal, but not BMP or FGF, is required postmid-blastula transition (MBT) to specify endoderm in conjunction with the transcription factor VegT.
Results

Requirement of extracellular signals for early endoderm speci®cation
Single vegetal cell transplantation experiments show that endodermal fate is not determined until early gastrula stages (Heasman et al., 1984; Wylie et al. 1987) . When cultured in vitro, blastula vegetal cells continue the autonomous commitment process ef®ciently only when a critical tissue mass is present (Wylie et al., 1987) . This suggests that interaction between cells may be required for endoderm speci®-cation. To test directly whether extracellular signals are required for the vegetal cells to commit to endodermal fate, we performed a cell dissociation assay. Early Xenopus embryos were dissociated at different stages in calcium and magnesium-free buffer (CMFB) without reaggregation until early gastrula stage (stage 10.5), at which time the embryos were collected and processed for RT-PCR analysis of endodermal marker expression. We assayed several marker genes that are known to be expressed in the vegetal cells of gastrula embryos, including the general endoderm-speci®c markers Sox17a (Hudson et al., 1997) , Mix1 (Rosa, 1989) and Mixer (Henry and Melton, 1998) , as well as the anterior endoderm (AE) markers Cerberus (Bouwmeester et Fig. 1 . Extracellular signaling is required for endoderm determination. Whole Xenopus embryos were dissociated at stages 6, 8, 8.5, 9, 9.5 and 10 (lanes 1±6, D6±D10, respectively) in CMFB without reaggregation. At early gastrula stage 10.5, these samples were collected for RT-PCR analysis of gene expression. Sox17a, Mix1 and Mixer are general endodermal markers, while Cerberus and Xhex are markers for anterior endoderm. Xbra and Gsc are pan-mesodermal and the organizer markers, respectively, and Histone is a loading control. Lanes 7 and 8 are intact embryos without or with reverse transcriptase during the RT reaction. al., 1996) and Xhex (Newman et al., 1997) . As shown in Fig.  1 , embryos dispersed at a stage prior to gastrulation (stage 10, lane 6) have much reduced expression of all endodermal genes assayed (Sox17a, Mix1, Mixer, Cerberus and Xhex, compare lane 6 with lanes 1±5). Even when dissociated at a stage well after MBT (which is stage 8.5, lane 3), the expression of these genes is still down-regulated (lanes 4 and 5). This result is in agreement with the previous ®nding that vegetal cells are not committed to form endoderm until early gastrula stages (Wylie et al., 1987) . In addition, consistent with our understanding of mesodermal induction, expression of the general mesodermal marker Brachyury (Xbra) is also reduced in dissociated embryos. In contrast, expression of Goosecoid (Gsc), a zygotic gene expressed in the organizer, is not affected. This result agrees with previous studies (Lemaire and Gurdon, 1994) and indicates that cell dissociation does not impair the general ability of these cells to express zygotic genes. Our data suggest that endoderm determination, like that of mesoderm, requires continuous cell±cell communication and signaling until gastrula stages.
Activin/Vg1-like TGFb family signals, but not BMP2 or FGF, rescue endoderm speci®cation in dissociated vegetal cell cultures
To address the molecular nature of the extracellular signal(s) responsible for early endoderm speci®cation, we assayed several growth factors that are known involved in mesoderm induction and/or patterning for their ability to restore endodermal cell fate in dispersed vegetal cells. Vegetal cells taken from 64 cell stage embryos (stage 6) and dissociated in CMFB without reaggregation until early gastrula stages (stage 10) lose the normal expression of endoderm markers (lane 2, Fig. 2B ). Addition of activin b B or AVg1 (activin-Vg1 chimeric protein, Kessler and Melton, 1995) during dissociation ( Fig. 2A,B ) rescues the transcription of endodermal genes. Expression of Sox17a, Mix1, Mixer, Xhex and Cerberus is restored when compared with that in intact vegetal caps explanted at late blastula stages (compare lanes 3 and 4 with lane 1, Fig. 2B ). In contrast, neither BMP2 nor basic FGF (bFGF) proteins can rescue the expression of endodermal markers ef®ciently (lanes 5 and 6, Fig. 2B ), though BMP2 is able to induce epidermal markers and inhibit neural genes in dissociated animal caps in a parallel experiment (not shown; Wilson and HemmatiBrivanlou, 1995) . We note that bFGF induces the general mesodermal marker Xbra in dispersed vegetal cells, suggesting that bFGF may only be required for mesoderm, and not endoderm, speci®cation. Our result shows that activin-like TGFb signaling participates in endoderm speci®cation.
Requirement of TGFb signaling after the mid-blastula transition
The activin/Vg1-like signal may be required at pre-MBT stages to act in synergy with the maternally expressed transcription factor VegT. Alternatively the signaling pathway may only be required after MBT (stage 8.5), when zygotic transcription begins. To test the temporal requirement of the TGFb signals, we supplied different growth factors at only pre-or post-MBT stages (see scheme in Fig. 2A ). Vegetal cells of stage 6 embryos were dissociated in CMFB without exogenous factors to stage 8.5, at which time activin b B , AVg1, BMP2 or bFGF proteins were added into CMFB and the dissociation was carried on without reaggregation until early gastrula stages ( Fig. 2A,C) . RT-PCR analysis of the gene expression pattern in these dispersed vegetal cells treated with growth factors only after MBT shows that the endodermal markers are expressed in activin b B and AVg1 treated samples. The expression level is very similar to that observed in samples exposed to the growth factors from stage 6 on (compare Fig. 2B with Fig. 2C ). In addition, induction of the mesodermal marker Xbra by bFGF is also similar to that when bFGF is added at the beginning of the cell dispersion. This result suggests that a post-MBT application of the appropriate growth factors is suf®cient for both mesoderm and endoderm speci®cation.
To analyze the function of maternal extracellular signals, we next addressed whether a pre-MBT supply of growth factors is also capable of restoring endodermal gene expression in dissociated vegetal cells. As above, vegetal cells were dissociated at stage 6. They were incubated with the different growth factors during cell dispersion until blastula stages (stage 8.5 to 9), at which time the cells were washed extensively with CMFB to remove the proteins present in the medium. Dissociation was maintained with the vegetal cells in growth factor-free CMFB without reaggregation until early gastrula stages ( Fig. 2A,D) . RT-PCR assays show that the endodermal gene expression is greatly reduced in these cells compared with cells treated with the growth factors at post-MBT stages (compare Fig. 2D with Fig. 2C ). Expression of Sox17a and Mix1 is dropped to the level of control dissociated vegetal cells, and Xhex and Cerberus expression is barely detectable, as in dispersed cells (Fig.  2D) . Mixer, on the other hand, is still weakly activated by activin b B and AVg1, though its level too is greatly reduced compared with that observed in cells treated with activin b B and AVg1 post-MBT (compare Fig. 2D with Fig. 2C ). The length of exposure time to the growth factors pre-and post-MBT can be adjusted to be the same by dissociation of the vegetal cells at an earlier stage (8 to 16 cell stages), and similar result is obtained (data not shown). Our data suggest that the requirement of TGFb signaling for endoderm speci®cation occurs after the mid-blastula transition.
Inhibition of TGFb signaling blocks expression of early endoderm markers in vegetal pole explants
The gain-of-function studies described above indicate that activin/Vg1-like TGFb family ligands may play an important role in early endoderm speci®cation. To test whether TGFb signals are required for endogenous endoderm speci®cation, we performed loss-of-function studies with mutant receptors which have been shown to block TGFb signal transduction. Three mutant receptors were used: tXActRIIB, a truncated type II activin receptor that blocks activin, Vg1 and BMP signaling (Hemmati-Brivanlou and Melton, 1992); tXALK4, a dominant negative type I activin receptor that blocks signal transduction by activin and possibly related ligands, but not by BMPs (Chang et al., 1997) ; and tBR, a truncated type I BMP receptor that speci®cally inhibits BMP signaling (Graff et al., 1994; Suzuki et al., 1995) . The RNAs encoding the three mutant receptors were injected into the vegetal poles of 4 to 8 cell stage embryos. Vegetal caps from injected embryos were dissected at late blastula stages and assayed at early gastrula stages for speci®c marker expression. As shown in Fig. 3 , overexpression of tXActRIIB or tXALK4 suppresses endodermal gene expression. Both the general endodermal markers Sox17a, Mix1, Mixer and the AE-speci®c markers Cerberus and Xhex are down-regulated (compare lanes 2 and 3 with lane 1). In contrast, tBR expression does not signi®cantly reduce the level of transcription of these genes (lane 4, Fig. 3 ), even at the doses tBR blocks BMP activity completely in animal caps (not shown). In addition, the embryos injected with tBR RNA show much reduced trunks and tails with a concurrent enlargement of the heads, indicating that the function of BMPs is inhibited ef®ciently (not shown). These data are in agreement with the previous report (Henry et al., 1996) and show that an activin-like signal, possibly transduced by the XALK4 receptor, is required for endogenous endoderm development.
TGFb signaling is required for induction of endodermal markers by VegT in animal caps
Antisense knockout experiments have shown that maternal VegT plays a pivotal role in endoderm speci®cation (Zhang et al., 1998) . In animal caps, VegT is capable of inducing endodermal markers. To test whether induction of endoderm by VegT also requires TGFb signaling, we used the truncated TGFb receptors in VegT-expressing animal caps. VegT induces the general endoderm-speci®c genes Sox17a, Mix1 and Mixer, but not the AE markers Cerberus and Xhex (lane 2, Fig. 4) . Overexpression of the truncated type I or type II activin receptors blocks transcription of Mix1 and Mixer, but not Sox17a (compare lanes 3 and 4 with lane 2, Fig. 4 ), while the truncated BMP receptor has no effect on endoderm induction by VegT. The result indicates that continuous expression of Mix1 and Mixer requires active TGFb signaling. Sox17a, on the other hand, is likely a direct target of VegT and its induction and maintenance is independent of TGFb signaling. In dissociated vegetal cells as well as in vegetal caps overexpressing the truncated activin receptors, Sox17a expression is down-regulated but not eliminated (Figs. 1 and 3) , indicating that zygotic TGFb signaling can further enhance the induction of the gene by VegT. The data suggest that VegT acts through the TGFb pathway to induce a complete set of general endodermal markers.
A requirement for VegT function in conjunction with TGFb signals in endoderm speci®cation
Since the induction of endoderm by VegT seems to require an active TGFb pathway, and activin/Vg1-like TGFb family ligands can induce endodermal genes in animal caps, it is possible that the function of the maternally expressed VegT in vegetal cells is to activate TGFbs at MBT. TGFb ligands in turn specify endoderm in a VegTindependent manner. Alternatively, VegT may also be required after inducing TGFb ligands and functions in cooperation with this TGFb signaling to determine endodermal cell fate. To distinguish between these two possibilities, we used a dominant negative VegT construct, VegT-EnR, to block VegT function. VegT-EnR has been shown to block mesoderm formation in early Xenopus embryos (Horb and Thomsen, 1997) . When injected into the vegetal poles of 4 cell stage embryos, VegT-EnR inhibits several endodermal markers in a dose-dependent fashion (Fig. 5A) . Vegetal pole explants assayed at the early gastrula stage show reduced level of Mix1, Cerberus and Xhex. Sox17a is also repressed to a lesser degree (Fig. 5A) . Mixer, interestingly, is not suppressed by VegT-EnR in vegetal caps, suggesting that its transcription is regulated differently from that of the other endodermal markers. This result shows that, consistent with the maternal VegT knockout data, VegT is required for early endoderm speci®cation. To test whether TGFb signals can rescue the inhibition of endodermal genes by VegTEnR, we coinjected the RNAs encoding VegT-EnR and activin into the vegetal poles of 4 cell stage embryos. Activin RNA injected into the animal poles of early embryos in a parallel experiment induced endodermal markers in animal caps strongly (not shown). In vegetal caps, however, injected activin could not rescue the expression of Sox17a, Mix1, Cerberus and Xhex (Fig. 5B) . The result suggests that VegT is not only involved in activation of TGFb signaling at the MBT, but is also required to function in parallel with TGFb signals to specify endodermal cell fate.
Discussion
Requirement of post-MBT TGFb signaling for endoderm speci®cation
Single cell transplantation experiments have shown that vegetal cells taken from blastula embryos are pluripotent and can contribute to all three germ layers. Endoderm determination proceeds gradually and is completed by early gastrulation stages (Heasman et al., 1984; Wylie et al., 1987) . Vegetal cells incubated in vitro continue the endodermal commitment process only when an appropriate cell mass is present, suggesting that cell±cell communication is important for endoderm determination (Wylie et al., 1987) . In our study, we ®nd that dissociation of whole embryos at any stage before gastrulation results in a reduction of endodermal markers at gastrula stages. However, if activin or Vg1 is present during dissociation or is added after MBT, expression of endodermal genes is restored. Early TGFb signaling, on the other hand, is not suf®cient to maintain endodermal markers in dissociated embryos if the signal is terminated at mid-blastula stages. Our data point to a critical period between MBT and gastrulation when active TGFb signals are required for endodermal determination. TGFb signaling seems to play two different roles in this process: induction and maintenance of endodermal markers. In the absence of the TGFb signal, Mixer transcription is never initiated, either at its normal time of expression or at any time before gastrulation (Yasuo and Lemaire, 1999) . In contrast, several other endodermal genes, such as Sox17a and Mix1, are expressed at a low level in dissociated embryos where extracellular TGFb signal is disrupted, indicating that induction of these markers does not depend on TGFb signaling. TGFb ligands do enhance the expression of these genes; and in the presence of dominant negative inhibitors of the TGFb pathway, Mix1 is induced but not maintained in animal caps (Yasuo and Lemaire, 1999) . These data indicate that TGFb signaling has both inductive and maintenance functions during endoderm determination.
It is interesting to note that maternal extracellular signals are dispensable in the process of endoderm determination. Both general endodermal markers Sox17a and Mix1 and AE markers Cerberus and Xhex are induced in the presence of a zygotic, but not an early maternal, TGFb signal (Fig. 2) . Mixer expression, though weakly activated by early signals of activin or Vg1, is much reduced when compared with that induced solely by a post-MBT TGFb signaling. In addition, Mixer expression, like that of other endodermal markers, is down-regulated when whole embryos are dissociated, even for a brief period after MBT at late blastula stages (Yasuo and Lemaire, 1999) . These data suggest that maternal TGFb signals may not play a critical role in endoderm speci®ca-tion.
It has been proposed that maternal TGFb activity, such as that of activin b D and vegetally localized Vg1 (Weeks and Melton, 1987; Oda et al., 1995; Joseph and Melton, 1998) , may be involved in early mesoderm induction. Recent ®nd-ings, however, suggest that maternal TGFb signals may be necessary but not suf®cient, and that zygotic TGFb signaling may also play a crucial role in mesoderm speci®cation. First, in Xenopus embryos in which maternal VegT has been removed via antisense oligonucleotides, Nieuwkoop conjugates with vegetal cells, which presumably still contain maternal TGFb ligands, no longer induce competent animal caps to form mesoderm (Zhang et al., 1998) . Second, vegetal cells taken from stage 7 embryos do not induce mesodermal markers in ectoderm if these vegetal cells are taken away from the conjugates before MBT (Yasuo and Lemaire, 1999) . Third, whole embryo dissociation assays show that the general mesodermal marker Xbra is expressed normally when embryos are dissociated and then reaggregated before MBT. Xbra is down-regulated when embryos are dissociated after MBT and before gastrulation, suggesting that mesoderm determination, like that of endoderm, occurs at late blastula and early gastrula stages (Yasuo and Lemaire, 1999 ; and data not shown). Taken together, the above results suggest an important role for zygotic TGFb signaling in mesoderm induction.
Several TGFb ligands are activated zygotically at the mid-blastula stages, including activin b B (Dohrmann et al., 1993) , Xnr1, Xnr2 (Jones et al., 1995) , Xnr4 (Joseph and Melton, 1997) and Derrie Áre (Sun et al., 1999) . Using dominant negative cleavage mutants, it has been shown that blocking either Derrie Áre or Xnr2 interferes with endoderm development (Osada and Wright, 1999; Sun et al., 1999) . While Xnr2 mutant ligand also cross-reacts with several other Xnrs, the mutant Derrie Áre seems to be more speci®c. In addition, endoderm speci®cation is also affected by overexpression of a dominant negative Vg1 mutant, which does not block activities of activin or Xnrs (Joseph and Melton, 1998) . The cross-reaction between Vg1 and Derrie Áre has not been tested. The data may suggest that several TGFb ligands are required at the same time to specify endodermal fate. In the absence of one ligand, the other family members cannot compensate for its endodermal inducing activity. It is unclear whether the requirement for different TGFb ligands re¯ects a quantitative threshold of signals or a difference between different ligands in their signal transduction. The type IB activin receptor, XALK4, seems to be involved in transduction of the TGFb signal during endoderm speci®ca-tion, as a dominant negative form of this receptor blocks endoderm formation.
We have shown that BMP2, a TGFb ligand expressed maternally in Xenopus embryos (Hemmati-Brivanlou and Thomsen, 1995), does not rescue endodermal genes in dissociated vegetal cells. Inhibition of BMP signaling with a truncated receptor does not interfere with endodermal speci®cation either, suggesting that BMPs are not involved in endoderm induction. Another growth factor, basic FGF, induces the general mesodermal marker Brachyury, but not endodermal genes, in dissociated cells, implying that FGF may be required only for mesoderm, and not endoderm, speci®cation. Recently, it has been reported that in zebra®sh FGF does not activate an endodermal marker GATA5, and a dominant negative FGF receptor does not block expression of GATA5 either, though it affects mesodermal gene expression. These results suggest that FGF may be involved in discrimination of mesoderm and endoderm (Rodaway et al., 1999) .
Two-phase requirement for VegT function in endoderm speci®cation
VegT, a maternally expressed transcription factor, plays a central role in endoderm determination. The endodermal layer is eliminated in the absence of maternal VegT function (Zhang et al., 1998) . VegT seems to activate zygotic TGFb signals at the mid-blastula stages. In animal caps, VegT induces TGFb ligands Xnr2 and Derrie Áre directly at MBT (Yasuo and Lemaire, 1999) , and the ability of VegT to induce general endodermal markers relies on an active TGFb pathway, as inhibitors of the pathway block endodermal induction by VegT. These data suggest that one of the functions of the maternal VegT is to establish a zygotic TGFb signal in vegetal cells, which in turn helps to specify the endodermal fate of these cells. The function of VegT, however, does not end with activation of TGFb signaling. When the activity of VegT is blocked by a dominant negative mutant, the reduction of the endodermal genes cannot be rescued by overexpression of activin. In animal caps, induction of the same set of endodermal markers by activin and Vg1 is inhibited in the presence of the dominant negative VegT (data not shown). These results indicate that there is a requirement for both VegT and the TGFbs to act in parallel, thus de®ning a second phase of VegT function that cooperates with TGFb ligands to complete the process of endoderm determination.
Maternal VegT may also be involved in establishing the border between the endoderm and the mesoderm. As discussed above, the same TGFb signals seem to be required for both endoderm determination and mesoderm induction. The difference between the two germ layers may therefore depend on the uneven distribution of the maternal VegT in the vegetal region. VegT activates the transcription factors Sox17a and Mix1 directly in vegetal cells (Yasuo and Lemaire, 1999) , which, at least in the case of Mix1, seems to inhibit mesodermal genes and stimulate endodermal fate (Lemaire et al., 1998) . These direct targets of maternal VegT may therefore cooperate with TGFb signals to determine the endodermal layer; while TGFb signals, together with FGF, may induce the mesodermal fate.
In summary, our studies show that endoderm determination requires post-MBT TGFb signaling. Maternal VegT is the likely inducer of this TGFb signal, and together they determine the endodermal fate at the late blastula and early gastrula stages.
